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(Claims) 

(Claim 1) In a magnetic recording medium on which 
recording- reproduction of information is performed by relative movement 
with respect to a magnetic head, the magnetic recording medium is 
characterized by the fact that many protruding patterns are formed at 
least in the region where the magnetic recording medium contacts the 
magnetic head and slides, and the protruding patterns densely exist 
continuously in the direction of relative movement with respect to the 
magnetic head. 

(Claim 2) A magnetic recording medium characterized by the fact 
that spacings, LI and L2, of the protruding patterns described in claim 
1 are related by L1^L2, in which LI is the spacing in the direction of 
relative movement with respect to the magnetic head and L2 is the space 
in the direction perpendicular to the relative movement. 

(Claim 3) In a magnetic head with which recording- reproduction of 
information is performed by relative movement with respect to a magnetic 
recording medium, the magnetic head is characterized by the fact that 
many protruding patterns are formed at least in a part of surface where 
the magnetic head contacts the magnetic recording medium and slides, and 
the protruding patterns densely exist continuously in the direction of 
relative movement with respect to the magnetic recording medium. 

(Claim 4) A magnetic head characterized by the fact that spacings, 
LI and L2, of the protruding patterns described in claim 3 are related 
by L1^L2, in which LI is the spacing in the direction of relative 
movement with respect to the magnetic recording medium and L2 is the 
space in the direction perpendicular to the relative movement. 
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(Claim 5) A magnetic recording device characterized by the fact 
that either one or both of the magnetic recording mediums described in 
claim 1 or claim 2 and the magnetic head described in claim 3 or claim 
4 are used. 

(Detailed explanation of the invention) 

(Industrial application) This invention relates to a magnetic 
recording medium and magnetic head and a magnetic recording device on 
which they are mounted. Particularly, this invention intends to prevent 
the poor starting of a magnetic recording device due to adsorption 
phenomenon and to improve the sliding durability. 

(Conventional techniques) Recording- reproduction are performed by 
the relative movement of a magnetic recording medium and a magnetic 
head. Therefore, the sliding surface where the magnetic recording medium 
and the magnetic head make contact and slide have to be very smooth in 
order to avoid abrasion and damage formation. Also, in a magnetic disk 
device which is an external memory device for computers using a floating 
type head, similarly high smoothness is required in order to ascertain 
stable floating of the magnetic head. 

However, strong adsorption phenomenon occurs at the surface where 
the highly smooth magnetic recording medium and magnetic head make 
contact, caused by moisture content in the air and the lubricant which 
is applied in order to improve the durability. The same problem also 
exists in magnetic disk devices in which a floating type head is used 
since the magnetic recording medium and the magnetic head still make 
contact when the device is not in operation. 

In the past, in order to solve such problems a method wherein the 



surface where a magnetic recording medium and a magnetic head make 
contact is roughened has been generally adopted. For example, as a 
method for roughening a magnetic recording medium for magnetic disk 
device (in what follows, this is simply called a magnetic disk) , non- 
uniform fine unevenness '(i.e., the concave and convex parts which is 
called a texture) is formed on the surface of a substrate by a 
mechanical method or by a chemical etching method. 

However, it is extremely difficult to prepare the desired fine 
concave and convex parts by the aforementioned mechanical method or 
chemical etching method. In addition, it is difficult to quantify the 
characteristic value of the surface shape. 

Accordingly, a magnetic recording medium and a magnetic head has 
been proposed to solve the aforementioned problems. Namely, fine 
protruding patterns are formed by a photolithographic technique on the 
surface where the magnetic recording medium and the magnetic head make 
contact . 

(Problems this invention intends to solve) With the aforementioned 
photolithographic technique, fine protruding patterns having prescribed 
shape can be accurately formed on the surface where the magnetic 
recording medium and the magnetic head make contact. However, there 
still is the difficulty of optimally solving the problems related to the 
adsorption phenomenon between the magnetic recording medium and the 
magnetic head and sliding durability. 

In conventional examples, it is not clear, in detail, how to form 
protruding patterns . 

Conventional examples in which the shape of protruding pattern 




which is to be formed in a magnetic recording medium and a magnetic head 
is specified are presented below. In Japanese Patent Kokai Hei 3-91117, 
area ratio of a protruding pattern is specified as 1% or less. In 
Japanese Patent Kokai Hei 3-173 917, area ratio of a protruding pattern 
is specified as 0.001-1% and its shape is specified as rectangular 
(cross-sectional area) . In Japanese Patent Kokai Hei 3-250420, the 
number of protruding patterns (3 00A or larger) is specified to be 10/mm 2 
or less. As mentioned above, only the area ratio and the number of 
protruding patterns are specified. 

However, in the conventionally formed magnetic disk with the 
specification only of area ratio and the number, arrangement of 
protruding patterns is not specified. As a result, the problems related 
to the aforementioned adsorption phenomenon between a magnetic recording 
medium and a magnetic head and sliding durability cannot be optimally 
solved. 

This invention intends to solve the aforementioned problems and to 
propose a magnetic recording medium and a magnetic head having optimal 
protruding patterns with which adsorption between the magnetic recording 
medium and the magnetic head can be prevented and sliding durability can 
be improved, and to propose a magnetic recording device in which these 
magnetic recording medium and magnetic head are used. 

(Means for solving the problems) In order to achieve the 
aforementioned purposes, the invented magnetic recording medium 
described in claim 1 is characterized by the fact that many protruding 
patterns are formed at least in the region where the magnetic recording 
medium contacts the magnetic head and slides, and the protruding 
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patterns do densely exist continuously in the direction of relative 
movement with respect to the magnetic head. 

The invented magnetic recording medium described in claim 2 is 
characterized by the fact that spacings, LI and L2, of protruding 
patterns described in claim 1 are related by L1^L2, in which LI is the 
spacing in the direction of relative movement with respect to the 
magnetic head and L2 is the space in the direction perpendicular to the 
relative movement . 

The invented magnetic head described in claim 3 is characterized by 
the fact that many protruding patterns are formed at least in a part of 
surface where the magnetic head contacts the magnetic recording medium 
and slides, and the protruding patterns do densely exist continuously in 
the direction of relative movement with respect to the magnetic 
recording medium. 

The invented magnetic head described in claim 4 is characterized by 
the fact that spacings, LI and L2, of protruding patterns described in 
claim 3 are related by L1^L2, in which LI is the spacing in the 
direction of relative movement with respect to the magnetic recording 
medium and L2 is the space in the direction perpendicular to the 
relative movement . 

The magnetic recording device described in claim 5 is characterized 
by the fact that either one or both of the magnetic recording medium 
described in claim 1 or claim 2 and the magnetic head described in claim 
3 or claim 4 are used. 

(Operation) According to the invented magnetic recording medium 
described either in claim 1 or claim 2, protruding patterns of 
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prescribed shape can be optimally (with respect to adsorption between a 
magnetic recording medium and a magnetic head and sliding durability) 
arranged at least in the region where the magnetic recording medium 
contacts the magnetic head and slides . 

According to the invented magnetic head described either in claim 
3 or claim 4, protruding patterns of prescribed shape can be optimally 
(with respect to adsorption between a magnetic recording medium and a 
magnetic head and sliding durability) arranged at least in a part of the 
surface where the magnetic head contacts the magnetic recording medium 
and slides. 

According to the invented magnetic recording device described in 
claim 5, adsorption between a magnetic recording medium and a magnetic 
head can be accurately prevented, and sliding durability can be 
improved . 

(Application examples) In what follows, application examples of 
this invention are explained by referring to Figure 1 through Figure 12. 
First, application examples of a magnetic recording medium are explained 
by referring to Figure 1 through Figure 8 . 

Figure 1 is a plane diagram showing an application example in which 
the invented magnetic recording medium is adopted in a magnetic disk. 
Figure 2 is a partially magnified plane diagram in which a part of the 
region where the magnetic recording medium contacts the magnetic head 
and slides is magnified. 

As shown in Figure 1, the magnetic disk (1) described in this 
application example is formed in a ring- shape having a regular thickness 
like a conventional disk. And, the prescribed range in the inside is set 
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as a CSS (contact • stop • slide) region (2) where the magnetic disk 
contacts the magnetic head and slides at the time of start -stop of the 
magnetic recording device, and the prescribed region at the outer 
periphery of the aforementioned CSS region (2) is set as a data region 
(3) where information processing by the magnetic head (not shown in the 
figure) is performed. 

This magnetic disk (1) is manufactured by sequentially forming 
foundation layer, magnetic layer, protection layer, and lubrication 
layer (at prescribed thickness) on one surface or on both surfaces of a 
substrate which is manufactured in a ring- shape using a proper raw 
material such as metal, glass, resin, and Ni-P-plated aluminum alloy. 
These layers are formed by a proper film forming method such as a 
sputtering method. For instance, as a foundation layer, a Cr layer using 
Cr as a raw material and the like is formed. As a magnetic layer, a Co 
alloy layer using Co alloy and the like as a raw material is formed. As 
a protection layer, a C layer using C and the like as a raw material is 
formed. And, in a lubrication layer, perfluoro polyether polymer and the 
like is used as a raw material. 

Many protruding patterns (4, 4,..,) of a prescribed shape 
(cylindrical in this application example) are formed in plural rows in 
the circumferential direction in the CSS region (2) in at least one 
surface of the aforementioned magnetic disk (1) . Height of these 
protruding patterns is at least 5nm. And, as shown in Figure 2, each of 
these protruding patterns is so formed that spacings, LI and L2, are so 
related as L1^L2, in which LI is the spacing in the direction of 
relative movement with respect to the magnetic head and L2 is the 
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spacing in the direction perpendicular to the direction of the relative 
movement . 

Protruding patterns (4) formed on the surface of the magnetic disk 
described in this application example is explained by referring to 
Figure 3 . 

Figure 3 is a magnified cross-sectional diagram showing the 
important part of the protruding patterns . As shown in Figure 3 , 
protruding patterns (4) in this application example are formed in the 
following manner. Namely, photoresist is coated on a ring-shaped 
substrate (5) . Then, this substrate is subjected to light exposure, 
development, and etching using a specifically patterned photomask. Then, 
the photoresist is removed to form cylindrical protruded parts (6) . 
Thereafter, the aforementioned foundation layer (7) , magnetic layer (8) , 
protection layer (9) , and lubrication layer (10) (each having a 
prescribed thickness) are sequentially formed. By this way, protruding 
patterns (4) having prescribed height (H) are formed. 

In this application example, shape of the protruding patterns (4) 
is cylindrical. However, it is not limited to what is used in this 
application example; the shape can be another regular shape such as 
prism- shape, truncated cone -shape, and truncated pyramid- shape . 

Furthermore, in this application example, protruded patterns (4) 
are formed in the CSS region (2) . These protruded patterns, however, can 
be formed in other regions. That is, it is not limited to what is 
described in this application example. Protruded parts (6) can be formed 
not only by a photoetching technique, but also by other regular methods 
such as an electrical discharge technique and a laser technique. That 



is, it is not limited to the technique described in this application 
example . 

Next, operation of the device described in this application example 
is explained by referring to a detailed application example. 
Application example 1 

As shown in Figure 3 and Figure 4, as a magnetic disk (1) , plural 
rows of cylindrical protruding parts (6) were formed in the 
circumferential direction on the glass substrate (5) by a photoetching 
technique- Spacings, LI and L2, were related as L1^L2, in which LI is 
the spacing in the direction of relative movement with respect to the 
magnetic head and L2 is the spacing in the direction perpendicular to 
the direction of the relative movement. In this application example, 
L1:L2=1:5. The foundation layer (7) using Cr as the raw material, the 
magnetic layer (8) using Co alloy as the raw material, and the 
protection layer (9) using C as the raw material were sequentially 
formed on the glass substrate (5) . And, furthermore, a lubrication layer 
was formed to form protruding patterns of prescribed height. 

Application example 2 

A magnetic disk which was similar to the one described in 
application example 1 was formed, excepting that spacings, LI and L2 
(L1^L2) , of protruding patterns (4) described in application example 1 
was changed to L1:L2=1:2. 

Application example 3 

A magnetic disk which was similar to the one described in 
application example 1 was formed, excepting that spacings, LI and L2 
(L1^L2) , of protruding patterns (4) described in application example 1 
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was changed to L1:L2=1:1. 

Comparison example 1 
A magnetic disk which was similar to the one described in application 
example 1 was formed, excepting that spacings, LI and L2 (L1>L2) , of 
protruding patterns (4) described in application example 1 was changed 
to L1:L2=2:1 as shown in Figure 5. 

CSS was repeated using minimonolithic ferrite head to the 
aforementioned magnetic disks, and the change of friction coefficient 
between the magnetic disk (1) and the magnetic head was measured. 

Results of the measurement are shown in Figure 6. As is clear from 
Figure 6, the relation between spacings, LI and L2, of protruding 
patterns at which the startable condition of the magnetic disk device 
(i.e., friction coefficient of 0.8 or lower after 30,000 of CSS 
operation) can be satisfied is L1^L2 . When L1>L2, friction coefficient 
becomes 1.0 or higher . 

As described above, according to the magnetic disk (1) described in 
this application example, CSS durability can be significantly improved 
as compared to the conventional magnetic disk. 

Furthermore, the similar effect can be obtained when spacings of 
protruding patterns (4) to be formed on the invented magnetic disk (1) 
are like those shown in Figure 7 and Figure 8 . 

Figure 7 is a partially magnified plane diagram in which a part of 
region where the magnetic disk (1) contacts the magnetic head and slides 
is magnified. When protruding patterns (4) are arranged in a zigzag form 
as shown in Figure 7, superior CSS durability can be obtained by 
maintaining the relation of L1^L2 between spacings of protruding 
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patterns . 

Figure 8 is a partially magnified plane diagram in which a part of 
region where the magnetic disk (1) contacts the magnetic head and slides 
is magnified. When protruding patterns (4) are arranged continuously or 
partially discretely in the direction of relative movement with respect 
to the magnetic head as shown in Figure 8, superior CSS durability can 
be obtained since protruding patterns (4) are densely existing 
continuously in the direction of he relative movement with respect to 
the magnetic head. 

Furthermore, protruding patterns (4) to be formed on this invented 
magnetic disk (1) can be formed on the protection film (10) , instead of 
forming on the substrate (5) as described in application examples 

Next, an application example of the invented magnetic head is 
explained by referring to Figure 9 and Figure 10. Figure 9 is a 
strabismus diagram showing the entirety of the application example in 
which the invented magnetic head is adopted in a 3 -rail monolithic 
magnetic head. Figure 10 is a partially magnified plane diagram in which 
a part of sliding surface of the invented magnetic head is magnified. 

As shown in Figure 9, the invented magnetic head (27) is equipped 
with a short, approximately rectangular slider (28) which is formed with 
polycrystalline Mn-Zn ferrite and the like. Two grooves (30, 30) are set 
in parallel to the direction of relative movement with respect to the 
magnetic disk on the sliding surface (29) (shown by slanted lines in the 
figure) of this slider (28) to form three rails (31) . This sliding 
surface (29) is an ABC (i.e., an Air Bearing Surface) facing the 
magnetic disk (not shown in the figure) . One rail (31) at the center is 
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joined to an approximately ^-shaped head core (32) , which is made of 
polycrystalline Mn-Zn ferrite, by glass (not shown in the figure) via a 
regular gap (33) . A desired coil (35) is wound around the head core 
(32) . By introducing electric current to the coil (35) or by detecting 
induced current, recording • reproduction of information is performed at 
the gap (33) part. 

Furthermore, in the three rails (31) which constitute the sliding 
surface (29) of the magnetic head (27) , plural rows of protruding 
patterns (4C) of a desired shape (in this application example, 
cylindrical protruding patterns similar to those formed in the magnetic 
disk (1) described earlier are formed) . Spacings of the protruding 
patterns are related by Ll£L2, in which LI is the spacing in the 
direction of relative movement with respect to the magnetic disk and L2 
is the spacing in the direction perpendicular to the direction of the 
relative movement. 

Protruding patterns (4C) to be formed on the surface of magnetic 
head (27) described in this application example are formed by the 
following method. Namely, photoresist is coated on the sliding surface 
(29) of the slider (28) , which is then subjected to light exposure, 
development, and etching using a specifically patterned photomask. Then, 
the photoresist is removed from the substrate to form protruding 
patterns (4C) of prescribed height. 

In this application example the shape of the protruding patterns 
(4C) is cylindrical. However, it is not limited to what is used in this 
application example; the shape can be another regular shape such as 
prism-shape, truncated cone-shape, or truncated pyramid- shape . 
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Furthermore, in this application example, protruding patterns (4C) 
are formed on all three of the rails (31) which constitute the sliding 
surface (29) . Alternatively, protruding patterns can be formed only on 
rails at both sides (among the three rails (31) which constitute the 
sliding surface (29) ) . Instead of forming protruding patterns over the 
entire rail (31) surface, these protruding patterns can be formed only 
on part of the rail (31) surface. In other words, it is not limited to 
what is described in this application example. And, protruding patterns 
(4C) can be formed not only by a photoetching technique, but also by an 
electrical discharge technique or a laser technique. In other words, the 
method of forming protruding patterns is not limited to what is used in 
this application example. 

Furthermore, in this application example, protruding patterns (4C) 
are formed by photoetching the polycrystalline Mn-Zn ferrite which forms 
the slider. Alternatively, after a thin carbon (C) film is formed on the 
sliding surface (29) , protruding patterns (4C) can be formed on the 
carbon layer by a photoetching technique. In other words, the method of 
forming protruding patterns is not limited to what is used in this 
application example. 

It is clear that, with the magnetic head (27) which is constituted 
as described, adsorption can be accurately prevented and CSS durability 
can be significantly improved as compared to the conventional magnetic 
heads . 

The reason is explained below. Since a magnetic disk and a magnetic 
head make contact and slide during the CSS operation, the relationship 
between the arrangement of protruding patterns and the CSS durability 
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which is established in the aforementioned magnetic disk (1) can be 
applied to the relationship between the arrangement of protruding 
patterns and the CSS durability in the magnetic head (27) . And, the 
similar effect can be realized. 

Next, an application example in which the invented magnetic 
recording device is applied to a magnetic disk device is explained by 
referring to Figure 11 and Figure 12. Figure 11 is a plane diagram 
showing the important parts of an application example of the invented 
magnetic disk device. Figure 12 gives its side view. 

As shown in Figure 11 and Figure 12, in the magnetic disk device 
(36) described in this application example, the magnetic head (37) is 
installed at the tip of an elastic arm of the supporting device (38) and 
is held suspended above the magnetic recording medium (39) . By rotating 
the magnetic recording medium (39) , the magnetic head is allowed to scan 
the surface of the magnetic recording medium (39) to perform 
recording -reproducing. In the magnetic head (37) of the magnetic disk 
device (36) , the aforementioned magnetic head (27) in which protruding 
patterns (4C) are formed on the sliding surface (29) is used. 

As explained thus far, according to the magnetic disk device (36) 
which is described in this application example, CSS durability and 
adsorption characteristics can be significantly improved. 

Furthermore, similar effects can also be realized by using a 
conventional magnetic head in the place of the magnetic head (37) of the 
magnetic disk device (36) and by using the aforementioned magnetic disk 
(1) as the magnetic recording medium (39) . 

In other words, by using the magnetic disk (1) or/and magnetic head 
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(27) described in these application examples in either one or both of 
the magnetic head (37) of the magnetic disk device (36) and the magnetic 
recording medium (39) , the device can last longer and stable quality can 
be obtained for a long period of time. 

Furthermore, this invention is not limited to what is described in 
the aforementioned application examples. This invention can be modified 
as needed. 

(Effects of the invention) As explained thus far, according to the 
invented magnetic recording medium, protruding patterns to be formed on 
a magnetic recording medium can be accurately and optimally arranged and 
can be clearly displayed. Magnetic recording media having such superior 
technical effects can be manufactured precisely and accurately with 
stable quality. 

As explained thus far, according to the invented magnetic head, 
protruding patterns to be formed on a magnetic head can be accurately 
and optimally arranged and can be clearly displayed. Magnetic heads 
having such superior technical effects can be manufactured precisely and 
accurately with stable quality. 

Furthermore, according to the invented magnetic recording device, 
the device can last longer and stable quality can be maintained for a 
long period of time. 

(Brief explanation of figures) 

(Figure 1) Figure 1 is a plane diagram showing an application 
example of the invented magnetic recording medium. 

(Figure 2) Figure 2 is a magnified plane diagram (in which the 
surface part is magnified) of the invented magnetic recording medium. 
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(Figure 3) Figure 3 is a magnified cross-sectional diagram showing 
the important parts of the protruding patterns of an invented magnetic 
recording medium. 

(Figure 4) Figure 4 is a magnified plane diagram (in which the 
surface part is magnified) of an invented magnetic recording medium. 

(Figure 5) Figure 5 is a magnified plane diagram (in which the 
surface part is magnified) of a conventional magnetic recording medium. 

(Figure 6) Figure 6 is a diagram showing the relationships between 
the protruding pattern spacings and friction coefficient of an invented 
magnetic recording medium. 

(Figure 7) Figure 7 is a magnified plane diagram (in which the 
surface part is magnified) of an invented magnetic recording medium. 

(Figure 8) Figure 8 is a magnified plane diagram (in which the 
surface part is magnified) of an invented magnetic recording medium. 

(Figure 9) Figure 9 is a strabismus diagram showing the entirety of 
an application example in which the invented magnetic head is adopted in 
a 3 -rail monolithic magnetic head. 

(Figure 10) Figure 10 is a partially magnified plane diagram in 
which a part of sliding surface of an invented magnetic head is 
magnified. 

(Figure 11) Figure 11 is a plane diagram showing the important 
parts of an application example of an invented magnetic recording 
device . 

(Figure 12) Figure 12 gives the side view of the device shown in 
Figure 11 . 

(Symbols) 
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1 .magnetic disk 

2 . . . CSS region 

3 . . . data region 

4, 4 C. . .protruding patterns 

27.. magnetic head 

29.. sliding surface 

31 . .rail 

3 6.. magnetic recording device 




(Figure 1) 
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(Figure 2) 
[Key:] 

[A] direction of sliding (circumferential direction) 

18 




(Figure 3) 
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(Figure 4) 
[Key:] 

[A] direction of sliding (circumferential direction) 
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(Figure 5) 
[Key:] 

[A] direction of sliding (circumferential direction) 
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(Figure 6) 
[Key:] 

[A] friction coefficient 

[B] CSS frequency (times) 

[C] unit: 1000 

[D] Comparison example 1 (LI :L2=2 : 1) 

[E] Application example 3 (LI :L2=1 : 1) 

[F] Application example 2 (L1:L2=1:2) 

[G] Application example 1 (L1:L2=1:5) 
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(Figure 7) 
[Key:] 

[A] direction of sliding (circumferential direction) 
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(Figure 8) 
[Key:] 

[A] direction of sliding (circumferential direction) 




(Figure 9) 
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(Figure 10) 
[Key:] 

[A] direction of 
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(Figure 11) 
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ABSTRACT 

PURPOSE: To provide a magnetic head having an optimum protrusionlike 
pattern in which attraction of the head to a magnetic recording medium is 
effective prevented and sliding durability is improved, a magnetic 
recording medium and a magnetic recorder. 

CONSTITUTION: Many protrusionlike patterns are formed on a region in 
contact with and sliding with at least a magnetic head of a magnetic 
recording medium, many protrusionlike patterns 4C are formed partly at 
least on a sliding surface opposed to the medium of the head 27, and an 
interval formed of the patterns 4 and 4C has a relation of L1<=L2, where LI 
is an interval of a relatively moving direction between the head and the 
medium and L2 is an interval of a perpendicular direction to the relatively 
moving direction. 



